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(7) ABSTRACT

A contention resolution method includes the steps of deter-
mining a contention has occurred and requesting contention
resolution from radios in the system (604). Radios in the
system receive the request and do not transmit in the next
control frame (606). Group leader radios (202, 208 and 214)
transmit the identification code they were able to demodu-
late in the previous frame to the master radio (608). The
master radio (212) receives the information from the group
leaders and transmits a control-channel access message to
one of the contending radios (610).
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NEIGHBOR-ASSISTED CONTENTION
RESOLUTION FOR MULTI-USER
COMMUNICATION

TECHNICAL FIELD

[0001] This invention relates in general to the field of
radio communications and more specifically to a method for
contention resolution in a multi-user communication ses-
sion.

BACKGROUND

[0002] Communication sessions that permit multi-user
participation are often plagued by delays that occur due to
session-access collisions from multiple users. Most proto-
cols attempt to solve these contentions by using a random
backoff scheme that eventually reduces the number of
session-access collisions to an acceptable level. However,
there is typically a great deal of delay associated with this
approach. Aneed exists in the art for a method of minimizing
the contention-resolution delay in modern multi-access
communication systems and also reduce the number of
session-access collisions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The features of the present invention, which are
believed to be novel, are set forth with particularity in the
appended claims. The invention, together with further
objects and advantages thereof, may best be understood by
reference to the following description, taken in conjunction
with the accompanying drawings, in the several figures of
which like reference numerals identify like elements, and in
which:

[0004] FIG. 1 shows a diagram of subgroup time slots
embedded in a PMR control-channel.

[0005] FIG. 2 shows a communication system in accor-
dance with the invention.

[0006] FIG. 3 illustrates the master radio transmitting a
request for contention resolution in accordance with the
invention.

[0007] FIG. 4 illustrates the group leader radios transmit-
ting to the master radio the radio ID that they demodulated
in accordance with the invention.

[0008] FIG. 5 illustrates the master radio assigning con-
trol-channel access to one of the contending radios in
accordance with the invention.

[0009] FIG. 6 shows a flowchart highlighting the steps
taken in accordance with the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0010] While the specification concludes with claims
defining the features of the invention that are regarded as
novel, it is believed that the invention will be better under-
stood from a consideration of the following description in
conjunction with the drawing figures, in which like refer-
ence numerals are carried forward.

[0011] The present invention utilizes the spatial diversity
of neighboring system devices to help resolve session-access
contentions that occur in a multi-user communication envi-

Aug. 15,2002

ronment. According to the preferred embodiment, a com-
munication system has “N” devices (e.g., portable radios,
etc.) such that one device is a “master device” and “n”
devices serve as group leaders for the remaining N-(n+1)
system devices. In the event that two or more system devices
contend for the same time or frequency slot (depending on
the type of system, e.g., time-division multiple access
(TDMA), etc.) every device in the system will attempt to
help resolve the contention.

[0012] First, if the master device can not successfully
decipher a device’s identification number (ID) during a
typical transmission, it will be assumed that a contention
exists and the master will transmit a request for contention
resolution. When the radios receive this request, the “n”
group leaders will transmit to the master radio any device ID
they had been able to decode while monitoring the commu-
nication channel. Typically, the closer one of the group-
leader radios is to one of the contending radios, the greater
the probability that the group lender radio is able to decode
the ID of one of the contending radios. The master device
that will then grant channel access to the device with the
highest priority level (e.g., radio used by a manager, etc.)
based on the radio ID’s received back from the group leader
radios.

[0013] In an alternate embodiment, any one of the radios
in the system, not only the group-leader radios can send back
radio identification information from the contending radios
they were able to decode, back to the master radio. In order
to avoid contentions between more than one radio attempt-
ing to transmit information back to the master radio, as one
example, the radios can be assigned priority levels, and
those radios with higher priority are allowed to transmit
back earlier than those with lower priority levels. In a further
embodiment, only if the group leaders were not able to
decode radio-identification information from at least one of
the contending radios, will any of the other radios in the
system be allowed to transmit information to the master
radio.

[0014] To illustrate how this method may be applied, we
will examine the use of the above-discussed method in a
Public Mobile Radio (PMR) system. In this embodiment, the
method of the present invention will be applied to a trunked
radio system and its multi-user session feature, referred to as
a “group call”. It should be noted that the use of this
invention is not limited to use in a PMR system. The
following scenario only serves as one example of the present
inventions numerous applications.

[0015] Trunked-radio systems that includes a “group call”
feature that allows several radios to be assigned to a group
in a particular communication channel, problems arise when
multiple radios in the system try to simultaneously access
the same control-channel time-slot. When this happens, the
contending radios will “randomly back-off” some predeter-
mined period of time, “t,,.4”, and re-transmit their requests
for control-channel access. The radios may have to compete
with other system users and in the unlikely event that the
back-off time for one user, referred to as “t ., 4 s, €quals
the back-off time for a second user, referred to as “t,,
userz”, both radios may have to compete with each other a
second time. As the number of collision incidents increase,
so will the allotted back-off time, which will ultimately
reduce system throughput.
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[0016] The neighbor-assisted contention resolution
method of the present invention is applied in the preferred
embodiment to a trunked radio system that employs a
control-channel time-slot architecture as shown in FIG. 1.
The control-channel 100 is broken down into three user
groups that are labeled A, B and C, which together make one
control-channel frame 102. These use- group slots serve as
access bins for control-channel access, but more impor-
tantly, they serve as access bins for the group leaders during
contention resolution.

[0017] The control-channel provides information to radios
operating in the system. Control-channel information (also
known as outbound signaling words or OSW’s), for
example, inform radios when to change channels automati-
cally so as to communicate with other members in the same
radio talk group over an assigned voice/data channel
assigned by the trunk system’s central controller. As an
example, assume eight radio users 202, 204, 206, 208, 210,
212, 214 and 216, belong to one of the three previously
mentioned user groups, A, B, or C, and each user group has
a radio acting as a group leader (G.L.). Group A’s group
leader is radio 202, group B’s group leader is radio 208, and
group C’s group leader is radio 214. At time t=t, shown in
FIG. 2, two radios 204 and 206 from talkgroup “A” attempt
to simultaneously access the trunk system’s control-channel
which results in a control-channel access collision. Master
radio (M.R.) 212 immediately detects the collision and
broadcasts a request for contention-resolution assistance as
depicted in FIG. 3. Upon receipt of this signal, every radio
in the system, excluding the group leaders, radios 202, 208
and 214, is directed to be dormant during the next control-
channel frame. At that time, the group leader radios 202, 208
and 214, prepare to transmit the radio-interrupt code that
they demodulated during the last control frame.

[0018] Since the group leaders 202 and 214, for groups
“A” and “C” respectively, are physically closer to radio 204,
they will likely demodulate ID=123. As a result, they will
transmit ID=123 in accordance with the preferred embodi-
ment of the invention. Conversely, radio 208, the group
leader for radio group “B” is closer to radio 206 that
transmitted radio ID=456, so group leader 208 will report
ID=456 as depicted in FIG. 4. Upon receiving these radio
ID’s the master radio 212 will give control-channel access to
the radio with the highest priority, in this particular example
as shown in FIG. 5, channel priority is given to radio 204
that has radio ID=123. The priority level of a radio can be
preassigned based on any number of things, for example, the
job function of the radio user, employment level of a
particular radio user, etc.

[0019] In FIG. 6, a flowchart highlights the steps taken in
accordance with the preferred embodiment of the invention.
In step 602, it is determined whether or not a channel
contention has occurred. In step 604, the master radio 212
detects the channel contention and transmits a request for
contention-resolution assistance. While in step 606, the
radios in the system receive the request and do not transmit
(excluding group leaders 202, 208 and 214) in next control-
channel frame. In step 608, only the group leader radios 202,
208 and 214 transmit the interrupt-identification code
received during the previous control frame. Master radio
212, in step 610, upon receiving the information from the
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group-leader radios, transmits and grants control-channel
access to one of the contending radios, in this example, radio
204.

[0020] Although the above example did not illustrate the
use of non-group leader radios providing contention reso-
lution, as was provided by the group leader radios, they can
also be used depending on the system design. In an alternate
design, non-group leader radios can also provide radio
information to the master radio they were able to decode in
the event that the group-leader radios were unable to
demodulate a valid radio ID, due to interference, distance,
etc. It is also worth noting that although the preferred
embodiment has described a control-channel contention
resolution, the present invention is not so limited and can be
used in systems that do not have a control channel.

[0021] While the preferred embodiments of the invention
have been illustrated and described, it will be clear that the
invention is not so limited. Numerous modifications,
changes, variations, substitutions and equivalents will occur
to those skilled in the art without departing from the spirit
and scope of the present invention as defined by the
appended claims.

What is claimed is:

1. A method for contention resolution in a radio system
having a plurality of radios, at least one radio designated as
a group leader, and one radio from amongst the plurality of
radios is designated a master radio, the method comprising
the steps of:

(a) detecting at the master radio that a channel contention
has occurred between at least two radios in the radio
system,

(b) broadcasting to the plurality of radios, by the master
radio, a message for contention assistance;

(c) transmitting by the at least one group-leader radio to
the master radio the radio-identification information it
was able to receive from at least one of the two radios
that is in contention; and

(d) transmitting a channel-access grant message to one of
the contending radios by the master radio based on the
radio-identification information transmitted by the at
least one group leader radio.

2. A method as defined in claim 1, comprising the further

step of:

(b1) disabling transmissions in all of the plurality of
radios except for the at least one group leader for a
predetermined period of time upon the plurality of
radios receiving the transmission in step (b).

3. A method as defined in claim 2, wherein the radio
system comprises a trunked radio system having a control-
channel and in step (b1) the radios disable transmissions for
the next control-channel frame after receiving the message
in step (b).

4. A method as defined in claim 2, wherein if the at least
one group leader was not able to decode the radio identifi-
cation information of one of the contending radios, another
radio from amongst the plurality of radios that was able to
decode the radio identification information from one of the
contending radios, transmits the information to the master
radio and the master radio in step (d) uses this information
to generate the channel access grant message.



US 2002/0110141 A1

5. A method as defined in claim 1, wherein the channel-
access grant message is sent to the contending radio from the
at least two contending radios that has the highest priority
level.

6. A method for contention resolution in a trunked radio
system having a plurality of radios, at least one radio
designated as a group leader, and one radio from amongst
the plurality of radios is designated a master radio, the
method comprising the steps of:

(a) detecting at the master radio that a control-channel
contention has occurred between at least two radios in
the radio system;

(b) broadcasting to the plurality of radios by the master
radio a message for contention assistance;

(c) transmitting by the at least one group leader radio to
the master radio the radio-identification information it
was able to receive from at least one of the two radios
that is in contention; and

(d) transmitting a control-channel access grant message to
one of the contending radios by the master radio based
on the radio-identification information transmitted by
the at least one group leader radio.

7. Amethod as defined in claim 1, comprising the further

step of:

(b1) disabling transmissions in all of the plurality of
radios except for the at least one group leader for a
predetermined period of time upon the plurality of
radios receiving the transmission in step (b).

8. A method as defined in claim 7, wherein the predeter-
mined period of time that the plurality of radios have their
transmissions delayed is one control frame sent by the
control-channel.
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9. A method for contention resolution in a radio system
having a plurality of radios, and at least one radio from
amongst the plurality of radios is designated a master radio,
the method comprising the steps of:

(a) detecting at the master radio that a channel contention
has occurred between at least two radios in the radio
system,

(b) broadcasting to the plurality of radios, by the master
radio, a message for contention assistance;

(c) transmitting by at least one radio from amongst the
plurality of radios to the master radio the radio-identi-
fication information it was able to receive from at least
one of the two radios that is in contention; and

(d) transmitting a channel-access grant message to at least
one of the contending radios by the master radio based
on the radio-identification information transmitted in
step (c).

10. A method as defined in claim 9, wherein the channel

that was in contention comprises a control channel used by
all of the plurality of radios in the radio system.

11. A method as defined in claim 9, wherein in response
to receiving the contention assistance message transmitted in
step (b) the method comprises the further step of:

(b1) disabling transmissions during step (c) in all of the
plurality of radios except those from amongst the
plurality of radios that in step (c) were able to success-
fully receive the radio-identification information from
at least one of the radios in contention.



